Neurons are thought to acquire shapes and configurations consistent with the wiring optimization principle. A new study sheds light on the underlying molecular mechanisms by demonstrating that N-cadherin-mediated differential adhesion determines relative neurite positioning in developing columnar synaptic modules.
Neurons generally connect with each other in the three-dimensional space of densely packed networks. These can be subdivided into synaptic modules, in which dendrites and axons of individual neuron subtypes adopt distinct morphologies in specific locations. Early on, Santiago Ramó n y Cajal with his unsurpassed sense of observation recognized the significance of specificity in neuronal topologies. He proposed that neurons are shaped by the ''laws of economy of space, time and conductive matter'' [1] . In essence, connecting neurons over large distances is costly. To save material and minimize conduction delays, a balance must be found so that neurons occupy the smallest possible space by using the shortest possible trajectories and branching patterns while maintaining sufficient surfaces for intercellular connections. Cajal's laws were assessed in subsequent studies using neuroanatomical and computational approaches. These confirmed that many configurations, including the arborization patterns of single neurons, cell body positions and spatial distribution of brain areas, can be explained by the principle of wiring economy [2] [3] [4] [5] [6] . However, how neurons assemble into optimal configurations during development and how this is genetically controlled remain unexplored. Tackling these central issues, Schwabe et al. [7] uncovered in a new study published in this issue of Current Biology a remarkably straightforward underlying strategy that involves the activity of a single cell adhesion molecule.
The Drosophila visual system recently attracted attention as a powerful model to investigate wiring economy within synaptic modules [8] . The fly compound eye consists of w750 ommatidia with eight photoreceptor cells (R-cells, R1-R8) each. R1-R6 axons map visual information upon an underlying array of columnar units, called lamina cartridges. Owing to the curvature of the eye, R1-R6 cells from neighboring ommatidia that see the same point in space converge into a single cartridge to establish the connectivity characteristic of neural superposition eyes [9, 10] . Each cartridge is innervated by identical sets of neurons, with R1-R6 axons and lamina neurons L1-L5 as core components. R-cell axons and the primary neurites of lamina neurons are cylindrically shaped, have different diameters and occupy distinct positions within the tightly packed cartridges. L1 and L2 primary neurites are surrounded by R1-R6 axons, as well as L3-L5 neurites. L1-L3 neurons -the main postsynaptic partners of R1-R6 cells -extend long dendritic processes between their axons ( Figure 1A ). In addition to their highly ordered architecture, cartridges have the unique advantage that their entire synaptic repertoire is known [8, 11] . Rivera-Alba et al. [8] combined computational modeling and analysis of serial transmission electron microscopy images to show that cartridge architecture is consistent with the wiring economy principle. They specifically highlighted two parameters -minimization of wiring length to reduce costs and volume exclusion by repulsion to avoid neurite overlap. This insightful theoretical model opened the door for two new questions: are there other contributing cellular interactions? And what are the molecular mechanisms mediating wiring economy in developing cartridges?
Within tissues, cells have the fundamental ability to adhere to each other. The differential adhesion hypothesis (DAH) provides an effective conceptual framework to predict complex anatomical configurations and cell behaviors during development [12, 13] . It proposes that cells prefer neighbors with similar adhesive strength to maximize bonds and therefore segregate based on relative adhesiveness. Moreover, less adhesive cells with lower surface tension tend to surround populations with higher adhesiveness, enabling tissues to reach a thermodynamically stable equilibrium. Cadherin family members often take center stage when differential adhesion is at work.
Bringing two concepts together, Schwabe et al. [7] examined the potential contribution of Cadherin-mediated differential adhesion to the economic wiring of cartridges. High-resolution light microscopic imaging revealed that adult cartridge organization is the result of specific cell rearrangements during pupal development. Initially, R-cell growth cones surround the fascicles formed by the primary neurites of all five lamina neurons. As R-cell growth cones leave their cognate bundles to join adjacent cartridges, they separate L1 and L2 neurites from those of L3-L5. In this way, L1 and L2 neurites are surrounded by a concentric ring of R1-R6 axons, while L3-L5 neurites take up positions in the periphery.
The homophilic cell adhesion molecule N-Cadherin (CadN) plays a pivotal role in directing R-cell growth cones to their target columns by mediating afferent-afferent and afferent-target interactions [14] [15] [16] . Close examination of CadN expression levels revealed a clear increase within the cartridge core occupied by L1 and L2 neurites, compared to the periphery consisting of R-cell axons and L3-L5 neurites. Because this expression pattern is consistent with the predictions made by the DAH, Schwabe et al. conducted a series of genetic experiments to manipulate relative CadN levels in R-cell axons and lamina neurons ( Figure 1B) . If CadN was knocked down in both neuron classes, their positions within cartridges were largely normal despite defects in R-cell targeting. However, if CadN levels were reduced in lamina neurons, cartridge architecture was dramatically altered, with R1-R6 axons and L1-L5 neurites separating into two clusters. Similarly, if relative levels were inverted by strong CadN over-expression in R-cells, L1 and L2 neurites were displaced into the periphery. Expression matters at the single cell level, because individual L1 or L2 neurites lacking CadN were excluded, whereas single L3-L5 neurites with increased CadN expression incorrectly joined the cartridge core. Together, these findings demonstrate that relative and not absolute CadN expression levels determine the locations of R-cell axons and L1-L5 neurites within cartridges. In line with the DAH, the most adhesive elements, L1 and L2 neurites, are positioned centrally and the less adhesive elements, R-cell axons and L3-L5 neurites, peripherally. R-cell axons form the highest number of synaptic contacts with L1 and L2 neurons ( Figure 1A ), supporting the notion that CadN-mediated differential adhesion contributes to the optimal wiring of lamina cartridges.
Further analysis of phenotypes revealed that loss of CadN in lamina neurons resulted in delayed dendrite formation and decreased synapse numbers. These defects were also observed in manipulations, which did not alter neurite positioning. Hence, CadN has three independent functions during cartridge assembly in controlling: (i) R-cell axon targeting to cartridges, (ii) relative positioning of R-cell axons and L1-L5 neurites, and (iii) dendrite formation and synaptogenesis. A future challenge will be to determine the potential contributions of upstream genetic regulatory programs and feedback mechanisms involving R-cell and cartridge. Consistent with an optimally wired configuration, R-cell axons form the highest number of synaptic contacts with the centrally located L1 and L2 neurites. Synapse numbers were obtained from [11] . (B) In midpupal cartridges, CadN is expressed at higher levels in L1 and L2 neurites, compared to surrounding R-cell axons and L3-L5 neurites. Schwabe et al. [7] show that genetic manipulations of relative CadN levels (represented by the thickness of red lines) alter the spatial distribution of neurites.
lamina neuron interactions in the precise control of relative and likely also dynamic CadN levels. The observation that the primary neurites of L3 neurons are located peripherally whereas their dendritic branches extend between R-cell axons and L1 and L2 neurites raises the question as to whether CadN-mediated differential adhesion also acts at the subcellular level to separately position primary neurites and dendritic arbors. Moreover, each cartridge is innervated by several other neuron subtypes and surrounded by astrocyte-like glial cell sheaths [17] . It is thus tempting to speculate that these cell types each adopt specific positions depending on CadN levels. Alternatively, additional molecules may play equivalent roles. The second optic ganglion of the fly visual system, the medulla, is similarly organized into an array of columnar units. These are innervated by R8 and R7 photoreceptors, L1-L5 axons and w60 medulla neuron subtypes [18] . Their primary neurites have recently been shown to segregate at the posterior or anterior edges of their cognate columns [19, 20] . This suggests that differential adhesion could potentially contribute to shaping the layout of columnar units along the entire visual path.
The demonstration that quantitative differences in the expression of a single cell adhesion molecule control neurite positioning constitutes a central step forward in our understanding of the mechanisms by which economic wiring shapes the microarchitecture of synaptic units. Because neuron subtypes display remarkably diverse and complex morphologies reflective of their functions, undoubtedly additional strategies await discovery. So does the moon really affect our sleep? There is a strong and pervasive belief across many societies that the moon has an impact upon different aspects of human biology, not least upon our patterns of sleep. This has prompted scientists to return again and again to this question and a considerable literature has accumulated reporting either some effect or absolutely no impact of the lunar cycle upon our physiology and behavior [1] . Three recent studies [2] [3] [4] published in Current Biology, including two in this issue, have correlated objective measures of several sleep parameters with changes in lunar phase. Perhaps unsurprisingly the results are inconsistent and controversy will undoubtedly follow, triggering further studies. However, before yet more research is undertaken perhaps it would be worthwhile to consider why these recent studies may have generated inconsistent results.
Whether the moon affects our sleep has intrigued our species since ancient times, but in the last decades only relatively few attempts have been made to address this issue with scientific rigor, and solid conclusions have been elusive [1] . A new cycle of research on the lunar effects on sleep
